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THE men who made the breed of Shorthorn cattle were 
in many respects the most skillful breeders of domestic 
animals. They had many rich and varied inheritance 
lines to draw upon, and in developing the breed they had 
high ideals of real excellence, largely ignoring the super-— 
ficial quality of color. A consequence of this neglect of 
color is that the great breed of Shorthorn cattle is mongrel 
in this respect, ranging as follows: Solid red—varying 
from the richest dark to a light yellowish; spotted red- 
and-white; red-roan; and white—besides many inter- 
grades and combinations of these shades and patterns. 
It is the prevailing experience among Shorthorn breeders 
that the color of the calf can not be accurately predicted 
before its birth. Reflecting this experience, Mr. B. O. 
Cowan, of the American Shorthorn Breeders’ Associa- 
tion, writes: 

Owing to the fact that Shorthorns are of mixed colors, you can not 
with absolute certainty, before birth, tell what will be the color of the 
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Mautalini 17th and Calf. 


Pleasant Valley Bud and Calf. 


Cinderella and Calf. 
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Red. 


(White star on forehead.) 
Dam—Clara. Red. 

Dam’s Dam—Carrie. Red. 
Dam’s Sire—Prince Gloster. Red. 
Sire—Scottish Minstrel. Dark Roan. 


Cow—CINDERELLA. 


Sire’s Sire—Imp. Collynie Mint. Roan. 


Cow—MAUTALINI 17TH. Roan. 


(A champion Argentine (S. A.) cow.) 
Dam—Mautalini 8th. Red. 
Dam’s Dam—Mautalini 3d. Red. 
Dam’s Sire—Farrier. Roan. 
Sire—Conqueror’s Crown. Roan. 
Sire’s Dam—Missie 157. Roan. 
Sire’s Sire—Bapton Conqueror. Roan. 


Cow—PLEASANT VALLEY Bup. Roan. 


Dam—Rosebud 11th. Red. 

Dam’s Dam—Rosedale. Red. 
Dam’s Sire—John Bruce. Roan. 
Sire—Ben Lomond (Imp.). Red. 
Sire’s Dam—Beauty 13th. Roan. 
Sire’s Sire—Count St. Clair. Roan. 
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Courtesy of Thos. Stanton, Wheaton, Ill. 


Sire’s Dam—Imp. Mistletoe 20th. Roan. 


Courtesy of Geo. M. Rommel, Bureau of Animal Industry, Washington, D. C. 


Courtesy of F. W. Harding, Waukesha, Wis. 


Fie. 1. 


CALF—CINDERELLA 2D. Roan. 


Dam—Cinderella. Red. 

Dam’s Dam—Clara. Red. 

Dam’s Sire—Scottish Minstrel. Dark Roan. 
Sire—Prince Imperial. Light Roan. 
Sire’s Dam—Imp. Helen 21st. Light Roan. 
Sire’s Sire—Prince. Red. 


CaLF. Roan. 
Dam—Mautalini 17th. Roan. 
Dam’s Dam—Mautalini 8th. Red. 
Dam’s Sire—Conqueror’s Crown. Roan. 
Sire—True Blue. Red and White. 
Sire’s Dam—Twin Princess 10th. 

Red and White. 
Sire’s Sire—Bapton Champion. Roan. 


CaLF. Red. 
Dam—Pleasant Valley Bud. Roan. 
Dam’s Dam—Rosebud llth. Red. 
Dam’s Sire—Ben Lomond (Imp.). Red. 
Sire—Waverley. Roan. 

Sire’s Dam—Valley Gem. Red. 
Sire’s Sire—Mildred’s Royal. Roan. 
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calves. There are a great many instances of red cows bred to white 
bulls producing red calves, in some instances white calves, and in other 
instances roans. In some herds in the United States where the breeders 
have used nothing but red for thirty or forty years it is very rare that 
they have any calves excepting reds; but even among these occasionally 
a calf is dropped that is either a roan or a red with some white marks 
—this is the influence of the blood of ancestors many generations back. 


Mr. Spangler, of Sullivan County, Mo., reports the 
following to the Breeders’ Gazette of February 17, 1909: 


My bull is white, but his sire and dam are both roan. The results are 
as follows: Since September first there have been fifty-five calves 
dropped to his service, of these forty-one are roan, nine red, four red- 
and-white, and one white. Twenty-six are bulls and twenty-nine heif- 
ers. The cow that dropped the white calf is herself a roan .. . the 
rest of the cows are red. 


Robert Bruce, of County Dublin, Ireland, tabulated the 
color matings and color progeny of Shorthorns bred by 
Amos Cruickshank! at Sittyton. This he reports to the 
Breeders’ Gazette of November 25, 1908, as follows: 


TABLE I 


COLOR OF OFFSPRING 
Color of Matings Red Rd. & Wh, Roan White Total 


Red mated with red 180 
Red mated with red and white 

Red mated with roan 

Red mated with white 

Red and white mated with red and white 

Red and white mated with roan 

Red and white mated with white 

Roan mated with roan 

Roan mated with white 

White mated with white 


583 1,270 


Professor E, N. Wentworth, of Ames, Ia., supplies the 
following tabulation from random pedigrees: 


*Amos Cruickshank, of Sittyton (1808-1895), the most distinguished 
breeder of Shorthorns, and one of the most skillful breeders of domestic 
animals. 
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TABLE II 


Offspring _ Parentage 
43 from white by white matings. 


1 from red by red matings. 
83 from roan by roan matings. 


127 whites 


122 from red by roan matings. 


" from roan by roan matings. 


645 roans 8 from red by red matings. 
172 from white by red and white matings. 
136 from red by red and white matings. 
81 from roan by roan matings. 
892 reds 439 from red by red matings. 


52 from red by red and white matings. 
320 from red by roan matings. 


Total 1,664 animals 


The following table (No. III) records some matings, 
selected almost at random from the Shorthorn Herd 
Book, detailing the color of dam, sire and offspring, the 
last animal of this table, the roan cow Dorothea (Vol. 45, 
p. 645), herself a roan from two red parents, produced six 
calves: The first a roan Trout Creek Beauty, by the red- 
and-white Klondike of Baltimore; the second the red-and- 
white Lord Strathearn by the red Strathearn Oakland; 
the third the red Dorothea’s Knight by the red Red 
Knight; the fourth the white Bapton Favorite by the 
roan Bapton Ensign; the fifth the roan Dorothea Second 
by the red March King, and the sixth the red-and-white 
Dorothea Third by the red March King. It is interesting 
to note that one cow can produce calves of each color 
characteristic of the race. 

In color pattern the red-and-white and the roan-and- 
white Shorthorns are quite similar to all other breeds of 
cattle possessing broken patterns—that is to say, there 
is a tendency toward a white belt at the front flank, a 
slightly more pronounced one at the rear flank and a 
white underline. It is known that Angus cattle which are 
generally black sometimes possess white patches, gener- 
ally within the line of the rear flank belt. A white Short- 
horn bred fo a black Angus or Galloway will produce a 
blue-roan calf, or when bred to a white-faced, roan-bodied 
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Hereford will produce a white-faced, roan-bodied or red- 
bodied calf. It is also known that a black Angus bred to 
a white-faced, red-bodied Hereford will produce a calf q 
with a white face and a black body. A roan Shorthorn i: 


Fic. 2. BRooDHOOKS CHIEF. 


BROADHOOKS CHIEF 348176. White. 
Courtesy of F. W. Harding, Waukesha, Wis. 
Dam—Broadhooks Rose 101234. Roan. Sire—Royal Fancy 93217. Roan. i 
Dam’s Dam—Imp. Roan Rose 75966. Roan. Sire’s Dam—Sensation 7th. Red. 
Dam’s Sire—Rustie Chief 236800. Roan. Sire’s Sire—Prince of Fashion 64587. 


mated with a black Angus or Galloway will sometimes i 
produce a black and sometimes a blue-roan calf; as in- | 
stances of the former, Mr. Ralph B. Goodhue, of Don- ' 
nelly, Minn., writes: 4 


I have had a few animals cross-bred between Angus and Shorthorn 
and in every instance have the offspring been black, sire and dams pure 
bred animals. I have bred 31/32 Holstein cows to red Shorthorn bulls 
and about 65 per cent. have been red-and-white, the rest being black- 
and-white, more black than white in markings. In breeding grade 
Shorthorn cows to pure bred Holstein bulls, have got black and white 
offspring. In the Hereford-Shorthorn, the red Shorthorn bred with the { 
Hereford will most always give a mottled face on the offspring. The 
roan Shorthorn cows bred to Hereford bulls will give either a calf 
looking like a Hereford or a roan ealf with clear white face. 


Professor Wentworth, previously referred to, writes: 
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In regard to color coats in cattle hybrids, I ean give you a few cases 
from my own experience. 

We had three Holstein cows at home, two of them earrying a pre- 
dominance of black, the other a predominance of white. As we had no 
Holstein bull on three successive years, they were bred to Shorthorn 
bulls. The first year when bred to a roan one of the calves came a 
blue gray. This calf was from the cow with the greatest amount of 
black. The others showed the pattern markings of their mothers. The 
second year they were bred to a deep red Shorthorn bull (all of the 
animals mentioned pure breds) and the color pattern showed no trace 
whatsoever of the Shorthorn parentage. The third year they were bred 
to a red and white bull. In the case of the lightest Holstein cow there 
seemed to be some tinge of red on the ends of the hair in the- black 
pattern; however, at a distance it showed the same color. 

I have seen Jersey-Holstein crosses usually partaking of the Hol- 
stein pattern with, perhaps, a slight admixture of dun color on the 
tips of the hair on the black markings. 

I have seen Angus crossed on Jersey showing simply the black 
polled character, although in a few cases the extremities showed a slight 
tendency towards dun or fawn. 

I have seen Angus crossed with Holstein and have seen both pure 
black and black-and-white cows. The instances which I have in mind 
are about twenty showing pure black and six or seven showing the 
black-and-white. However, these figures are simply a question of mem- 
ory and might easily be modified. The case in question is that of a 
man with a Holstein herd who was forced to breed to an Angus bull 
one year. 

Out. at the dairy farm we have a Shorthorn cow, roan in color but a 
grade, which was bred to our Holstein bull, a half brother of Colanta 
4th’s Johanna. The calf is roan in color. 

We also have some Arkansas backwoods cows; they are variegated 
in color pattern, showing red, dun, yellow, white, brindle and various 
other markings. A Holstein bull when bred to one of these produced 
a nearly pure black heifer. The black seemed to be rather tinged with 
brown at the ends of the hair, but the udder showed a white color... . 
A roan Shorthorn bull bred to a Hereford cow will quite frequently 
give a roan body with white Hereford markings. A red Shorthorn bull 
crossed with the Hereford cow is apt to increase the red splotches on 
the white markings of the Hereford. 


Mr. P. G. Ross, of the famous Maxwalton Farm, Mans- 
field, O., relates his experience, throwing his observations 
into approximate percentages, as follows: 


The color of the offspring of white Shorthorns depends largely on the 
ancestors, as about 50 per cent. of a bull’s calves will have the color of 
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his dam and her ancestors. . . . We have used white on white and 
often had roan ealves and in one instance had a red ealf, but about 75 
per cent. are white. 

We have had considerable experience in crossing the Shorthorn on 
Angus. This we consider the best cross and the offspring is generally 
better than either of the parents. When crossing red and black the 
offspring are generally 75 per cent. blacks and even the second cross 
will not bring 50 per cent. reds; when crossing roan and black, about 
50 per cent. will be blue-roans, 10 per cent. red-roans, 10 per cent. 
reds and 30 per cent. blacks. The Galloway color is much stronger 
than the Angus, consequently more dark calves will be expected. The 
Hereford cross is very strong as far as the white face is concerned and 
about 95 per cent. of white heads can be expected but the red of the 
body is easily blended into a roan and about 95 per cent. roan calves 
ean be expected by a white bull, and at least 75 per cent. by roan bull, 
on Hereford cows. 

The black of the Holstein seems to be particularly strong and when 
crossed with red the offspring will be nearly black and will remain 
very predominant to the third and fourth cross; the broken color shows 
itself but very little... . On the other hand, Holsteins take the roan 
color very readily and when crossed on white 95 per cent., and when 
erossed on roan 75 per cent. of the calves will be blue-roan. It is our 
experience that either the Holstein or the Hereford will take the roan 
color from a white or roan much oftener than from the red Shorthorn 
even if part of the red’s ancestry were roans. The Red Polls and 
Devons seem to be very hard to blend into a roan and when crossed on 
a white not over 25 per cent. roans can be expected; the balance are 
red. This we do not consider strange as they have been bred red for so 
many generations. It would seem that the red color of the Shorthorn 
is not so strong as the roan when used in crossing, and in our opinion 
it is the most objectionable. . . . We believe that to maintain the 
standard we must exert judgment in crossing the best types and colors, 
as it is evident in both animals and plants that they must have fresh 
blood to prosper and this is seen much earlier in breeding the short- 
lived animals such as hogs, dogs, cats and rabbits. We feel that the 
Shorthorn has given a much better opportunity for crossing than any 
other breed of cattle as there is very little restriction as to standard 
color. The different color is, we feel, a very safe rule to go by in cross- 
ing and we are particularly opposed to using red on red no matter if 
the ancestors are desirable. We feel that white on red is the proper 
cross and roan is good to cross on anything. 


The observed facts fit the following hypothesis so 
closely that it is presented as a further working basis in 
solving the problem of the prediction of the color and 
color pattern in Shorthorn cattle. 


} 
iJ 
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Hypothesis.—There are two groups of genetically inde- 
pendent sets of hairs intermingled to make up the Short- 
horn color coat. One set is alternatively ‘‘ positive 
white’’ (W) and red (R), in which the white is dominant 
and the red recessive; the other set is alternatively red 
(R) or ‘‘albinie white’’ (wr), in which the red is dominant 
and the white recessive. Dominant white is caused by a 


Fic. 3. ANOKA ACONITE 2D. 


ANOKA ACONITE 2p 40311. Roan. 
Courtesy of F. W. Harding, Waukesha, Wis. 


Dam—Double Aconite 2d. Vol.53, p.563. Red. Sire—Whitehall Marshall 209776. Roan. 
Dam’s Dam—Double Aconite. Roan. Sire’s Dam—Imp. Missie 167th. Roan. 
Dam’s Sire—Godoy 115575. Red. Sire’s Sire—Whitehall Sultan 163573. White. 


specific antibody existing in the zygote in small quan- 
tities, retarding or inhibiting the ontogenesis of the 
determiner for pigmentation. The same body existing 
in larger quantities reacts with and destroys the deter- 
miner for pigmentation, causing recessive or albinic 
white. 

The dominant white of the Shorthorn is doubtless de- 
rived from the Romano-British cattle, which it is generally 
conceded entered into the Shorthorn make-up, which ele- 
ment is to-day represented by the ‘‘ Park Cattle.’’ They 
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behave as dominant whites—. e., they themselves are 
white but sometimes throw red or black (not roan) calves. 
The recessive white doubtless came in with the Dutch 
flecked, the colored areas of which took the ‘‘differential t 
coloring’’ because they lacked the positive graying F 
factor; this recessive white must therefore be attributed : 
to a strain of partial albinism. The spotted color pattern 
or coarse mosaic doubtless came in with the Dutch bulls 
of the eighteenth-century importation. The areas com- 
posing Group One are located about the two flank belts, 
the underline, the median line and the face and a fine net- i 
work over the remainder of the body; those composing 
Group Two cover the neck, sides, back, hind quarters and 
legs in a network exclusive of the areas of Group One. 


Factors CONSIDERED 


W =Inhibitor of pigment formation. 
w= Absence of such inhibitor. a 
R= Determiner for red pigmentation. : 
r= Absence of determiner for red pigmentation. 


With reference to Set No. 1, or group-unit No. 1, indi- 
vidual cattle are gametivally W.r., WwR, or w.R,. With 
reference to group-unit No. 2 they are w.,R,, w.Rr or 
w.r,. There are therefore involving these characters } 
nine gametic and three somatic types of individuals, ‘ 
which types are set forth in the following table: 


TABLE IV 


GAMETIC COMPOSITION Somatic UNIT PURITY 
Set 1 Set 2 Aspect Blood Set 1 Set 2 

wR, Red Pure Duplex Duplex 
w.Rr Red Mongrel Duplex Simplex 
w.R, Roan Pure Duplex Nulliplex 
WwR,_ w.R, Roan Mongrel Simplex Duplex 
WwR,  w.Rr Roan Mongrel Simplex Simplex 
WwR,' White Mongrel Simplex Nulliplex 
W.r, Roan Pure Duplex Duplex 
W.r, w.Rr Roan Mongrel Duplex Simplex 
W.r. White Pure Duplex Nulliplex 


Roan in this table stands for any animal with red and 
white hairs interspersed, regardless of the proportion or 
pattern. 
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All of these theoretical types seem to occur except the 
roan of type 3, which phenomenon will be discussed 
further on in this paper. 

With these nine theoretical types of individuals the 
following forty-five type matings are possible. (The 
numbers following the color designations refer to the 
above table describing the individuals somatically and 
gametically.) 

These forty-five cases typify the behavior of two com- 
panion traits of opposing patency in their dominant 
phases, thus explaining the behavior of one type of 
apparent or somatic blend, which is in fact the resultant 
somatic effect of the lack of synchronism in the behavior 
of genetically independent units. 

With these matings it is noted that the cases joined by 
an arrow (cases 8 and 9,10 and 11,13 and 14,17 and 18, 19 
and 20, 22 and 23, 32 and 33, 34 and 35, and 37 and 38) are 
reciprocal cases wherein the same parental elements 
enter and the same offspring are expected, but these 
parental elements are differently combined in each pair 
of parents—different somatic but identical gametic 
matings. These principles fit the previously observed 
facts as follows: As to the attempt to establish a race of | 
Red Shorthorns, the above mating No. 30 (a red by red) 
expects 25 per cent. roan offspring and amply accounts 
for the occurrence of roans in such a cross. This phe- 
nomenon is equally well accounted for by the simple 
hypothesis that red is dominant; some reds are simplex. 
It is known that breeders in attempting to eliminate 
white, spotted and roan from their stock simply 
destroyed the ‘‘off color’’ calf—the genotypic germ 
plasm that produced it being continued in the herd. 
There are, however, reds which will produce only reds, 
as in matings Nos. 6 and 15. 

Mr. Spangler’s white bull was produced by two roan 
parents; such color is expected from such a mating in 
one fourth of the offspring of matings Nos. 25, 26, 37; in 
three sixteenths of No. 28 and in one half of No. 34. His 
whiteness is of either type 6 or type 9 and consequently 
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when mated with red cows only roan calves are expected 
if the mating be like mating No. 20; 50 per cent. red and 
50 per cent. roan if like No. 23; 50 per cent. roan and 50 
per cent. white if like No. 35; and 50 per cent. roan, 25 
per cent. red and 25 per cent. white if like No. 38. There 
is ample explanation for throwing a white calf from a 
roan cow and a white bull. If the mating be like Nos. 31, 


Fic. 4. FLORINDA SULTANA. 


FLORINDA SULTANA 70519. Roan. 
Courtesy of F. W. Harding, Waukesha, Wis. 
Dam—Gertrude, Vol. 60, p. 1110. Red. Sire—White Hall Sultan 163573. White. 


Dam’s Dam—Wild Eye Belle 15th. Red. Sire’s Dam—Bapton Pearl. Roan. 
Dam’s Sire—Judge Wardell 144980. Red. Sire’s Sire—Bapton Sultan 163570. Roan. 


32, 33 or 44 the chance for roan and white colors are. 
equal; if like No. 36 the ratio of white to roan to red 
expected is 6 to 8 to 2, but if the mating be of type 42 only 
white calves can be expected. 

Mr. Bruce’s array of data concerning the Sittyton 
cattle presents a very telling table of facts. All possible 
color matings are made, and in most cases the number of 
offspring is quite large enough to insure a proportional 
distribution among the expected colors. The facts of this 
table fit the hypothesis quite significantly. Of special 
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interest are the roan by roan matings, which produced 56 
reds, 193 mixed color (i. e., roan and red-and-white) and 
60 white offspring. This does not fit well into the now 
abandoned hypothesis that ‘‘roans are simplex, reds are 
duplex and whites nulliplex.’’ The number being quite 
large should approximate more nearly the expected 50 
per cent. of roans, or even less than 50 per cent., inasmuch 
as some reds were later thought to be simplex; however, 
there are 62.46 per cent. roans. This may mean that some 
roans are pure and when mated to like animals will pro- 
duce only roans—as mating No. 1, wherein two roans 
produce only roans, which in turn are pure and will re- 
produce themselves. As further explanation in account- 
ing for an excess of roans—which is common in most 
herds—note that in matings Nos. 1, 2, 7, 8, 9, 19 and 45 a 
roan mated with a roan produces roans only. As to the 
red by red matings, types Nos. 6 and 15 will give only 
red offspring, while type 30 gives 75 per cent. red and 25 
per cent. roan, which fits very well the distribution—133 
red, 12 red-and-white, 34 roan and 1 white—with the 
exception of the one white which will be discussed a little 
further on. As a matter of fact, every possible color 
mating has been reported to throw every other color 
characteristic of the breed. 

The red Shorthorn calf of white parentage is no doubt 
derived as follows: Save for occasional insignificant red 
patches in the ears, many Park Cattle are solid dominant 
white; this element in a few cattle of the Shorthorn breed 
would in the course of time, by the laws of chance, make 
the mating Sets 1 and 2 (WwR,), Sets 1 and 2 (WwR,), 
which would throw 25 per cent. red calves; this appar- 
ently is exactly what has happened. Moreover, the much 
more frequently possible white by white mating 


(WwR,) 

(WwkR.,) Set 1 
Sets 1 and 2 (w.Y2) 
Set 2 


will produce 123 per cent. red offspring. 


The red-by-red mating that produces a white calf is 
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either of very rare occurrence or does not occur at all. 
Besides the cases just referred to, Pearson and Barring- 
ton? reported two Shorthorn matings reputed to have 
been red by red that produced white calves. Cases of 
such rarity and import should be supported by more 
painstakingly minute evidence than that offered by the 


Fic. 5. Spicy SuLTAN. 


Spicy SuLTAN 334972. Roan. 


Courtesy of F. W. Harding, Waukesha, Wis. 


Dam—Spicy of Edna, Vol. 50, p. 532. Sire—Whitehall Sultan 163573. White. 

Red, little White. Sire’s Dam—Bapton Pearl. Roan. 
Dam’s Dam—Spicy of Browndale 9th. Red. Sire ’s Sire—Bapton Sultan 163570. Roan. 
Dam’s Sire—Orange Victor 138562. Red. 


herd book, which often records an animal as red though it 
may have white or roan areas of quite noticeable extent, 
or an animal as ‘‘white’’ that may have, besides the 
generally characteristic red in and about the ears, small 
body areas of red or of roan. Mr. E. M. Hall, a promi- 
nent Shorthorn breeder of Carthage, Missouri, in 
response to a recent inquiry, wrote: ‘‘I now, March 30, 
1911, have one white calf—from red dam and sire, but it 
is an inbred ealf.’’ In response to further solicitation he 


2*¢On the Inheritance of Coat-Colour in Cattle,’’ Biometrika, 1905-6, 
p. 442. 
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kindly supplied the data for the following descriptive 
pedigree: 


Imp, Bus | Rincess 


Rese Sols Yolet 94 


Vichersa 
A roan Res Rack Roses (344 


“63 p. 094 
HICK ramming Te 


eofer Lack in 


Choict Goofs Mod<§ 242 


Rad. with tow whitt hairy 


ex 
Toth hind 199 push spircea the fewer 


lim her beds” 
Buff. Colvss oct, ant 


of tars Pele 


CuHaArt I. Ancestry of White Calf. 


Following the nomenclature of this paper this mating, 
because each parent had both red and white hairs, would 
be classed as ‘‘roan’’ by ‘‘roan’’ and the white calf could 
be accounted for easily; but the case should not be dis- 
missed so summarily. There are red Shorthorns without 
a single white hair and, although red hair in and about 
the ear is quite persistent, there are white Shorthorns 
without a single red hair. If a mating of such red ani- 
mals should have been known to have produced a white 
ealf it might be accounted for on the grounds of mutation 
due to an intrusion de novo of an inhibitory or destroy- 
ing antibody in quantity sufficient to affect the entire coat. 
As an alternative possibility, it might be that by chance 
the duplex red areas (w.R.,) of one parent were in the 
homologous areas of the other simplex red (w.R,), a con- 
dition very remotely, if at all, possible on account of the 
absence of the reciprocally colored patterns in cattle. 
However, should it be possible, the process would be as 
follows: 


Whitt 
Remus 58 ish Rost de Choict Gooss 
15/740 Whitt 15 $02 
Roan Rts Roane 
= — 
i 
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1st Parent 2d Parent Offspring 


Red Red 4 w,Rrw.R, (Red) 
— 4 w,Rrw.Rr (Red) 


Now mate two of the latter type—w,kr w,.kr 

( w.R.w.R. (Red) 
2 w.R.w.Rr (Red) 
w2R,w.r, (Roan) 

2 w.Rrw.R, (Red) 

4 w.Rrw.Rr (Red) 

2 w.Rrw.r, (Roan) 
(Roan) 

2 w.r.w.Rr (Roan) 
(White) 


(w.Rr) (w.Rr) = w.R, + 2 w.Rr + w.r, 
(w.Rr) (w.Rr) w.R, + 2 w.Rr + w.r. 4 


A white thus derived from two reds would be an albino 
as far as coat color is concerned. As still another possi- 
bility it may be that a strain albinic as to its entire coat 
entered into the Shorthorn make-up; this, while the 
simplest explanation, can not, however, be shown historic- 
ally. While the areas of dominant white and albinic are 
quite specific, still, in view of the facts that the whitening 
process is systematically progressive and that the albinic 
condition is the more advanced, the areas of albinic white 
must ultimately encroach upon those of dominant white. 
Thus an animal whose coat is mostly albinie white, bred 
to a duplex red, would produce a simplex red (with little . 
white), which latter animal could produce white offspring. 
This may be what sometimes happens. But again it 
involves the existence of a strain with an entire albinic 
coat. Thus the behavior in heredity of the pattern and 
pigments of the white calf belonging to Mr. Hall becomes 
of absorbing interest. If it should be retained as a herd 
bull and proves to be an animal of type No.6 or No.9, then 
the ‘‘roan-by-roan’’ theory or the intrusion de novo 
theory must be accepted; if, however, it will produce 
black calves when bred to an Angus or Galloway cow ‘‘the 
reciprocal areas’’ theory or the ‘‘albino’”’ theory must be 
accepted. Present evidence seems to point toward the 
‘‘roan-by-roan’’ theory and the impossibility of a mating 
of an absolutely red by an absolutely red producing any- 
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thing but red or roan calves—mutations excepted. In the 
present light, the absence of white calves from red 
parents, the absence of entire coat albinos, and the ab- 
sence of theoretical type No. 3 are mutually corroborative 
phenomena. The fact that white by white—Table I—pro- 
duced a roan may mean nothing more than that the 
mating was of type No. 43, in which 75 per cent. white and 
25 per cent. roan offspring are expected. 

As to the spotted animals, they seem to be of the same 
nature as the roans. Just as there are mulattos and 
‘<spotted’’ negroes due, respectively, to fine and coarse 
mosaics of the pigment granules, there are roan cattle, 
which roan effect is due to a very close intermingling of 
red and white hairs; and spotted cattle, due to a coarser 
mosaic of the same, which coarser mosaic came from a 
distinct inheritance souree—doubtless the Dutch bulls of 
eighteenth century importation, as previously stated. In 
this paper, the spotted animals have thus far been treated 
as roans; they have never been popular with breeders, 


consequently, there are relatively few of them—the few 
(three) Sittyton matings being typical. It is observed 
from the table that when a mixed color animal is mated, 
the mixed color offspring tend to be like the mixed color 
parent—i. e., either largely roan or largely spotted, as the 
case may be. 


TABLE VI 


(Caleulated from Table I) 
Red by spotted gives 23.3 per cent. spotted and 12.7 per cent. roan. 
Red by roan gives 4.4 per cent. spotted and 46.6 per cent. roan. 
Roan by spotted gives 25.5 per cent. spotted and 45.3 per cent. roan. 


The persistence of spottedness in the offspring of 
spotted parents is accounted for by the fact that the color 
areas are definite in location and contour and, being inde- 
pendently transmitted, the registering of fortuitously the 
red or the white phases of the homologous areas of the 
two spotted parents will generally produce spottedness in 
offspring. <A similar registering of roan and spotted 
coats would make the spottedness less pronounced. 

There are all degrees of the roan condition, varying from 


t 

| 

t 

| 


No. 540] INHERITANCE OF COLOR IN CATTLE 9 


nearly white to nearly red; this may mean that the set of 
dominant white hairs and'the set of recessive white hairs 
are not each governed by a single determiner, but by a 
group of either many or few similarly behaving and gen- 
erally, but not essentially, synchronously moving deter- 
miners. This is consistent with the observed fact that all 
matings into which roans enter produce more roans than 
any other color. Thus it appears that, as with spotted- 


Fic. 6. Roan LILy. 


Roan Lity 59531. Roan. 
Courtesy of F. W. Harding, Waukesha, Wis. 
Dam—May Lily 59528. Red. Sire—Gloster’s Choice 284895. Roan. 
Dam’s Dam—Mourey May 59529. Red. Sire’s Dam—Gloster Girl. Red. 
Dam’s Sire—King of Banff (Imp.) 306221. Sire’s Sire—Choice of the Ring 187237. 
Roan. 


ness, the degree of roanness is the somatic effect of the 
fortuitous registering—generally in accordauce with the 
theory of the pure gamete—of the many units composing 
each of the two independently behaving sets of hairs; 
this, together with the occasional intra-zygotiec inhibition 
and reaction in response to set conditions, quite com- 
pletely explains the observed facts. Thus the registering 
of pigments and patterns may give a measurable somatic 
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effect in inheritance without a specific chemical unit 
determiner for such effect, and the spotted and roan 
Shorthorns are not blends in the old sense of the term. 

Angus cattle which are black sometimes throw dark red 
colors, exemplifying the fact that in cattle, as with 
animal pigments generally, the darker pigments are 
epistatically dominant over the lighter, hence the cattle 
colors—black, red, yellow with its variations—are domi- 
nant over ‘‘albinic’’ white (w), like the white of the Silkie 
Fowl, but ‘‘positive’’ white (W), like the white of the 
Leghorn Fowl and such as that of the British Park 
cattle, is dominant over any and all pigments. Corrob- 
orative of this, recali the instance reported by Prof. 
Wentworth, wherein pure-bred Holstein cows were bred 
to a deep red Shorthorn bull, and in the offspring ‘‘the 
color pattern showed no trace whatever of the Shorthorn 
parentage.’’ Now conceive the white Shorthorn coat to 
be made up of an admixture of ‘‘albinic’’ and ‘‘positive”’ 
whites, and let the duplex red be mated with the white of 
this nature—the offspring are the familiar roans, for the 
‘‘positive’’ white persists and the ‘‘albinic’’ white is 
covered by the red pigment. In explanation of the black 
cattle crosses: Mate a white Shorthorn of type No. 9, or 
a roan of type 7 or 8, with a black Angus or Galloway; the 
dominant white persists, the black covers the red (as in 
human hair) and the familiar blue-roan hybrid results in 
exact accordance with the theory of gametic purity. Con- 
ceive of the white-faced Hereford mated with the black 
Angus—the ‘‘positive’’ white persists, the black pigment 
covers the red and the familiar white-faced, black-bodied 
hybrid results. Thus it is determined that the white of 
the areas of the face, the two flank belts and the underline 
are largely ‘‘dominant white,’’ while those of the neck, 
barrel and quarters are mostly ‘‘albinie white.’’ 

The old single-unit coat hypothesis, even when amended 
to permit the simplex condition in some reds and in some 
whites, does not explain how the simplex condition could 
run the entire color gamut; neither has the ‘‘first genera- 
tion blend, later generation segregation’’ theory yet been 
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reconciled with gametic purity. The old hypothesis is, 
therefore, abandoned. The facts demand the companion- 
trait or unit-complex hypothesis modified to permit of 
occasional intra-zygotic reactions in response to a definite 
set of conditions, instead of the single-unit notion, and 
the 45 case matings instead of the typical 6. 

The following table is compiled from data reported in 
Biometrika, 1905, 1906,3 by Amy Barrington and Karl 
Pearson from Coates’s Shorthorn Herd Book. 


TABLE VII 


Offspring 


Red little | ls 
| Red White | Roan | Spotted 


| 


Mating 
Total | whi 
| Mixed | White Total 


. Red by red 
. Red by roan 
. Red by white........| 
. Roan by roan....... | 
5. Roan by white 
6. White by white.....|__ 

In addition to this, special search* for white-by-white 
matings yielded 91 cases, giving 1 red, 4 roan and 86 
white offspring; in two cases, red-by-red matings were 
reported to have given white offspring. 

The color distribution of this table practically parallels 
that found in the Cruikshank herd as reported by Mr, 
Bruce and that of the other compilations herein recorded. 

Barrington and Pearson then proceeded with the fol- 
lowing criticism: 

. . . No simple Mendelian formula applies rigidly. We find our- 
selves neglecting sensible percentages of occurrences incompatible with 
the theory of the pure gamete.’ 

It is true that the first studies in color in Shorthorn 
cattle suggested the single-unit color coat hypothesis and 
as late as 1909 James Wilson, of the Royal College of 
Dublin, in his interesting book on the ‘‘ Evolution of British 
Cattle,’’ suggested this hypothesis. It is not, however, 
the sole possible Mendelian interpretation, but rather the 


Ibid., pp. 427-464. 
‘ Ibid., p. 441. 
Ibid., p. 454. 
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preliminary working analysis. The ‘‘sensible percent- 
ages’’ that Pearson objects to also impel the most ardent 
adherent of the pure gamete theory to discard the single- 
unit color coat hypothesis and to seek the unit—however 
great or small—that does behave in the expected fashion. 
We must agree with the above criticism that the incom- 
patible percentages and the exceptions are too persistent 
to ignore; such percentages simply indicate that the 


Fic. 7. RED LADY 6TH. 


RED LADY 6TH 86626. Red. 
Courtesy of F. W. Harding, Waukesha, Wis. 


Dam—Red Lady (Imp.). Red, little White. Sire—Baron Sultan 300788. Red and White. 
Dam’s Dam—Roan Mary. Roan. Sire’s Dam—Athene of Riverdale. Red. 
Dam’s Sire—Cornelius 226511. Red. Sire’s Sire—Whitehall Sultan 163573. White. 


ultimate unit, or unit-behaving group of characters, is not 
isolated, and that besides gametic segregation there is 
occasionally intra-zygotie reaction. The old hypothesis 
then must be abandoned and another better fitting the 
facts must be worked out. Among other things the be- 
havior of the unit complex must be studied. Thus, if a 
Shorthorn is crossed with an Angus, the pure gamete 
theory does not lead us to expect a series of ‘‘blends’’ or 
of one of the pure parental types in the F, generation and 
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25 per cent. pure Shorthorn, 50 per cent. blends and 25 
per cent. pure Angus in the F, generation. If all the in- 
dependent units moved with absolute synchronism this 
would be expected, but they are genetically independent 
and the laws of chance demand that the greater the num- 
ber of units the more intricate becomes the task of ex- . 
tracting an animal with the combination of a great num- 
ber of arbitrarily selected traits such as compose any of 
the pure breeds of domestic animals. 

Barrington and Pearson in referring to the blue-gray 
hybrid and white Shorthorn cross give evidence showing 
that sometimes blue-gray. sometimes ‘‘grizzled’’ and 
sometimes white animals result.° Quoting Mr. Hodgson, 
they say: ‘‘This cross gives white cattle which are not, 
however, to be reckoned as pure white Shorthorns.’” If 
all the characters essential to differentiating ‘‘pure- 
bred’’ Galloway and ‘‘pure bred’’ Shorthorn cattle 
from each other were reduced to their ultimate 
inheritable units, the laws of chance having free play, 
we should expect in F, one ‘‘pure-bred’’ Short- 
horn and one ‘‘pure-bred’’ Angus in 4" individuals—in 
which 7 is the number of ultimate units. A conservative 
estimate would certainly make this number at least a 
score, but more likely a hundred or a thousand. Taking 
into consideration the fact that the phases of the units 
patent in Shorthorn and Angus cattle are not uniformly 
dominant or recessive, that the same units that distin- 
guish Shorthorns from cattle in general may not also dis- 
tinguish Angus from cattle in general, it is obvious that the 
chance of producing a ‘‘pure’’ animal in F,, from such a 
combination is very remote. Thus, if the differentiating 
traits be uniformly dominant or recessive and only ten in 
number, the chance of securing such a combination would 
be one in 1,048,576. The close and exceptional fitting of 
many cases to the simply four-part Mendelian ratio is the 
only conclusive evidence of the location of the ultimate 
unit. It is infinitely easier to approximate one of the 


* Ibid., p. 433. 
Ibid., p. 433. 
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parental types by breeding back to the desired type—the 
‘pure sire’’ method— than to extract it from F, hybrids 
by the operation of the laws of chance. In the general 
run of cattle the 7/8 grades are quite like the pure types; 
15/16 grades are much more so, while 31/32 or 63/64 are 
generally so like the pure breed as to be, except for 
arbitrary rules, eligible for registration. All of which 
tends to support the pure gamete theory, in that under 
such a process the laws of chance rapidly ‘‘quarter out’’ 
the foreign units, albeit rigid selection can, of course, as 
it often does, maintain any one of the mongrel types indef- 
initely. If the number be great, the longer the process 
and the more likelihood of ‘‘reversion.’’ The theory of 
the pure gamete is not inconsistent with the somatic blend 
in F,; in fact, it demands it in the coarser aspects. Such 
a blend indicates that a unit complex rather than a single 
unit is under observation. 

All the data so admirably collected by Barrington and 
Pearson yield most readily to a Mendelian interpretation, 
if by such interpretation is meant the purity, segregation 
and fortuitous recombination of the unaltered deter- 
miners of unit characters, provided such interpretation 
is not held to be inconsistent with frequent intra-zygotic 
reactions between the determiner and some antibody 
occasioned by the definite relative concentration and 
intimacy of the two bodies. They reject a Mendelian 
interpretation on the grounds that the whole coat does 
not behave as a single unit. Gametic purity of the unit 
character might as well be rejected on the grounds that 
the whole animal with its thousands of characters does 
not so behave, or that there are occasional intra-zygctic 
reactions causing mutations. In mentioning the types of 
cattle going into the making of the Shorthorn, they con- 
tinue: 


Upon the ingredients just referred to, the breeders had to work when 
pedigree cattle breeding, which is scarcely more than a century old, 
came into vogue. The Shorthorn had possibly arisen from four races: 
the Celtic, a Romano-British, an Anglo-Saxon and the “ Dutch” and 
even some of these are mixtures. . . . Thus the Shorthorn Red may 
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have had three sourees—an Anglo-Saxon red, the red of the Dutch 
flecking, and the supposed Celtic red. The white may have come 
through the Romano-British, through the Anglo-Saxon white or pos- 
sibly through the white in the Dutch. The particolors and the roans 
are of equally doubtful origin, although it probably is safe to assert 
that they are due to the breeds of latest importation; and it thus 
seems fairly impossible to determine a priori how many distinct red, 
roan, particolor or white types may really exist in the case of the 
Shorthorn. The importance of this statement for any Mendelian in- 
terpretation must be obvious. We may have reds which are domi- 
nant, recessive or even heterozygous to white or even to other reds, 
and the search for a Mendelian formula becomes very elusive. . . . 
We have seen that there is historically a possibility of two strains of 
red and two strains of white having been mingled in the Shorthorn. 
Determinants representing particolor and white markings can un- 
doubtedly be introduced also; we confess to having made an attempt 
from this standpoint which shattered with further examination of 
Table I—but the introduction needs a wider practise than we can 
boast of in inventing Mendelian formule and until we are more con- 
vineed than we are at present of the soundness of such formule we 
should prefer to leave the invention to those who have had it. Coates 
Herd Book presents a wide range of material and whatever we may 
think of the categories selected, the record has been made by persons 
in absolute ignorance of recent controversies about heredity. It is 
therefore really impartial material for Mendelians to unravel... . 
It would thus seem that no simple Mendelian formula can possibly fit 
the Shorthorn eases. Roughly, such a formula approaches the data in 
one or two points but the roughness appears inconsistent with a 
theory of Mendelism being due to the purity of gametes. It is of. 
course clear that the introduction of a complex allelomorph may im- 
prove matters, or the differentiation of whites and reds into different 
classes, homozygous and heterozygous. Increase in the number of 
available variables usually does give better fits.* 


The whole color problem in Shorthorns is a compli- 
cated study in mongrelism and no single simple four-part 
Mendelian ratio can be expected to explain it. Instead 
of a single unit or a single uniformly dominant or reces- 
sive series, there are two genetically independent unit- 
behaving groups of units—one dominant, the other reces- 
sive in their companion, i. e., their white phases. How- 
ever, such companion traits—if the somatic blend is con- 
sidered as simplex—when undistinguished, will give the 


Ibid., p. 444. 
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simple four-part Mendelian ratios in 42 case matings out 
of 45, the exceptions being matings 28, 29 and 36. In sum- 
ming up the coat-color inheritance of blue-gray cattle, 
Barrington and Pearson say on page 435, ‘‘It will need a 
complex allelomorph to describe these color changes, if, 
indeed they can be described at all.’’ With this it must be 
agreed. The ‘‘complex’’ allelomorph is, however, not so 
complex, after all; the complex is simply a group of 


AVONDALE. 


similar units each independently transmitted. If they 
were less uniform in their somatic aspects they would 
not be so confused. The task of segregating the unit 
becomes more difficult but not at all impossible. 

Barrington and Pearson emphasize the statement that 
the evidence of the breeders of the blue-grays is that a 
white Shorthorn bull of white parentage is greatly to be 
preferred to one of roan parentage, inasmuch as the 
former type invariably gives the desired blue-gray color 
—referring to Mr. deVere Irving: 
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He finds on using a white bull of roan parentage that the offspring 
are liable to come dark, some almost black, in color and others very 
dark blue-gray.’ 

No better material for Mendelian interpretation than 
this could be offered. It simply means that the white 
bull of ‘‘white parentage’’ is more likely to be of type 
**9’? (a roan bull of type 7 or 8 would do as well) ; the 
whole becomes a mating of type No. 20, which expects 
100 per cent. roans—black taking the place of red the 


Fic. 9. AVONDALE’S FIRST CALVES. 


roan becomes blue-roan or ‘‘blue-gray.’’ A white bull of 
‘‘roan parentage’’ is more likely to be of type ‘‘6’’ (a 
roan of type 4 or 5 would do as well-—see matings Nos. 
5 and 14), which mated to a pure black would produce 
50 per cent. blue-roans and 50 per cent. blacks, in 
accordance with a mating of type No. 23. Wild 
white cattle which occasionally drop red or black calves, 
when crossed with a white Shorthorn produce white off- 
spring. Such a female offspring when bred to a white 
Shorthorn bull ‘‘may produce a considerable percentage 
of both roan and red as well as of white calves.’’® 


* Ibid., p. 432. 
Tbid., p. 442. 
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AVONDALE’s FIRST CALVES 


Courtesy of Carpenter and Ross, Mansfield, Ohio. 


Sire—Avondale. Roan. 

Sire’s Dam—Imp. Avalanche 2d. Roan. 
Sire’s Sire—Whitehall Sultan. White. 
Sire’s Dam’s Dam—Avalanche. Roan. 


Sire’s Dam’s Sire—Mescombe. 
Red, little White. 


Calf No. I. Colonel. Dark Roan. 
Dam—Chrysanthemum. Roan. 
Dam’s Dam—Christina. Roan. 
Dam’s Sire—General White. White. 


Calf No. II. Max Rosewood. Roan. 
Dam—Rosewood 86. ROAN. 


Sire’s Sire’s Dam—Imp. Bapton Pearl. Dam’s Dam—Rosewood 81. oan. 
Roan. Dam’s Sire—Pride of Day. Roan. 


Calf No. III. Wall Street. White. 
Dam—Wedding Gift 16. Roan. 
Dam’s Dam—Wedding Gift 12. Roan. 
Dam’s Sire—Royal Prince. Roan. 


Calf No. IV. Sir Collin Campbell. 
Red, little White. 
Dam—tUry Lassie. RED, LITTLE WHITE. 
Dam’s Dam—Ury of Greenwood. 
Red, little White. 
Dam’s Sire—Royal James. Red. 


Calf No. V. Max Clipper. Red. 
Dam—Miss Council. Roan. 
Dam’s Dam—Christina. Roan. 
Dam’s Sire—Council. Roan. 


Sire’s Sire’s Sire—Bapton Sultan. Roan. 


Precisely this phenomenon was paralleled experimen- 
tally and given a clear Mendelian explanation by Daven- | 
port,"! who mated the dominant white of the Leghorn 
fowl with the recessive white of the Silkie. The 
F, generation, save for some red on the wings of the 
males, was white; this F, generation mated inter se gave 
some individuals with the typical ancestral Jungle fowl 
coloration. The fact that the Park cattle generally breed 
white but occasionally throw a red or a black calf means 
that generally the germ cell formula is (W.R,), which will 
throw all white, but sometimes is (W.wR.), a strain of 
which introduced into a breed will throw the ‘‘ occasional 
red calf.’’? The introduction of a strain of partial albin- 
ism seems to effect this cleavage and apparently is 
brought about as follows: 


1¢¢New Views about Reversion,’’ Proceedings of the American Philo- 
sophical Society, Vol. XLIX, No. 196, p. 294. 
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Wild White Cow Offspring 
Body areas 1 and 2 
Germ cells W.R. 1 2 


White Shorthorn Bull No. 6 8WwR, WwkRr White 
F, 100 per 


Body areas 1 & 
Germ colle Wer, wa, Were wane 


1 2 
2W.R,+2WwR, 4WwRr J J 


Now mate a female of one of these types—e. g., 1/WwR, 
2/W~R, with a white Shorthorn bull—e. g., one of type 
No. 6. 


Areas 1 2 1 2 
Hybrid cow WwR, WwRr WR, Wwkr 
Bull No. 6 WwR, W.R, 
W.R, + 2 WwR, + w.R. WwRr-+ w.r. Wwr, + w.Rr 2 WwkRr 
2WwR, Wee 
2 Wwr, 
2WwR, 
WR, Wwkr 
wR, 
wR, Wur, 
wR, w.Rr 


No theory not involving the purity—4. e., chemical iden- 
tity, of the determiner and its segregation and recombina- 
tion in unaltered form, together with occasional intra- 
zygotic inhibition and reaction in response to specific con- 
ditions, can explain the facts reported by Barrington and 
Pearson, which facts of observation tally with those 
reported from many other sources. 

Confirmatory of the declaration that the white of the 
wild Park cattle is dominant white, the following evidence 
by Storer—referring to the Chartley cattle—is offered: 


Whatever cows were put to the white bulls, the calves came almost 
invariably the color of their sires; the only instance he remembered to 
the contrary being that on one occasion a dark-colored cow produced 
a spotted calf. Thus were singularly confirmed at Chartley two of 
the facts which Bewick relates with regard to Chillingham—the exist- 
ence of the custom and the prepotency of the white sire.” 


2¢¢The Wild White Cattle of Great Britain,’’ p. 239. 


White 
White 
White 
Roan 
White 
White 
White 
Roan 
Roan 
Roan 
Roan 
Red 
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And further, in quoting Mr. John Thornton he says: 


The peculiarity most striking was the color; a clear white body, 
head and neck, with much hair; but the ears, nose, circle around the 
eyes, and the hoofs were black, and there were a few black spots on 
the fetlock above the hoof.” Black calves are not at all uncommon... . 
When the variation of color occurs the calves are always pure black, 
“with not a white hair on them” never particolored. . . .™ 


Professor S. Cossar Ewart, of Edinburgh, writes 
(April 11, 1911): 

Some years ago I saw at Chillingham crosses between these white 
Park cattle and white Shorthorns—all the crosses were white or light 
cream color. 

Recently under his direction wild Chartley bulls were 
crossed with domestic heifers. The matings and off- 
spring are indicated by chart No. 2, which was drawn 
from data supplied by him. 


White Spun 
Highland Heifer. 


CuHart II. Ewart’s Experiment. 


_ From this, as from other pedigrees, it appears that the 
white of the Park cattle is dominant white, that, barring 
dominant white, the darker pigments are epistatically 
dominant over the lighter ones, but that neither domi- 
nancy and segregation nor the coexistence of several pig- 
ments, nor midway blends—all of which may operate here 
—entirely explains the facts; there must also be occa- 
sional intra-zygotic reaction and mutations. 


8 Tbid., p. 241. 
Tbid., p. 237. 
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The behavior of the crest when a crested fowl is mated 
with a non-crested variety is typical of the behavior of 
somatic blends tending to obscure gametic segregation. 
Davenport*® has shown that there are two genetically 
independent factors united in the crest: One, erectness of 
feather growth over a certain area is dominant over the 
normal condition; the other a continued growth of 
feathers of this area is recessive to the normal growth. 
Hence, in the F', generation there is an apparent ‘‘blend.’’ 
the feathers being short but erect. From F,, however, 
in subsequent generations, Davenport has extracted a 
beautiful complete crest. There are many other striking 
somatic blends—among them the case of the Andalusian 
fowl, of the human mulatto, and of the human herma- 
phrodite. Blends are essentially the somatic aspects of 
the fortuitous combinations of the patent and latent 
phases of two or more genetically independent units. In 
this sense Galton’s law may justly stand for the general 
measure of ancestral influence—a measure of the opera- 
tion of the laws of chance. The existence of somatic 
blends can not be denied, for they are among the most defi- 
nite things commonly observed in inheritance. The more 
cursory the examination and the more general the view 
of such cases, the more seeming the blend; however, a 
more minute inspection often reveals the segregation of 
the parental factors, all of which points towards the 
minuteness of the unit character and the purity of the 
gamete. Were blending, in the commonly understood 
sense a fact, all individuals of a race or a strain would in 
a few generations become identical with each other. It is 
the creation of new units by intra-zygotic reactions and 
intra-gametic intrusions, together with the segregation 
and recombination of the unaltered ultimate units of 
inheritance that have given selection such an opportunity 
for developing so many strains and species. 


6 ¢<Tnheritance in Poultry,’’ p. 69. 


(To be concluded) 
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STUDIES ON MELANIN—IV 


THE ORIGIN OF THE PIGMENT AND THE CoLoR PATTERN IN 
THE EiLyTRA OF THE CoLoraDo Potato BEETLE 
(Leptinotarsa decemlineata Say') 


DR. ROSS AIKEN GORTNER 


INTRODUCTION 


Amone the more important problems in the study of 
animal pigmentation is the question as to the origin of 
the color pattern. Perhaps one of the most common of 
the insects which has a definite color pattern is the Colo- 
rado potato beetle (Leptinotarsa decemlineata Say), and 
I have, therefore, investigated the origin of the color in 
the elytra of this beetle, and have found a possible ex- 
planation for the cause of the color pattern. 

I have already shown that in all probability the for- 
mation of animal pigments is due to the interaction of 
some chromogen and an oxidase of the tyrosinase type 
(Gortner, 1910, 1911). I have found evidence which 
leads me to believe that the same reaction produces the 
pigment in the potato beetle, and that the color pattern 
of the elytra is produced by the localized secretion of 
chromogen. 

HisToRIcAL 

In so far as I am aware the only work which has been 
done on the nature of colors in Leptinotarsa has been re- 
ported by Tower. In an article on ‘‘Colors and Color 
Patterns in Coleoptera’’ (1903), Tower discusses the 
origin of the pigment in the Colorado potato beetle, and 
repeats his findings in a larger work, ‘‘An Investigation 
of Evolution in Chrysomelid Beetles of the Genus Lep- 
tinotarsa’’ (1906). The biological features of the latter 

1 From the Biochemical Laboratory of the Station for Experimental Evolu- 
tion. The Carnegie Institution of Washington. 
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work have been reviewed elsewhere (Cockerell, 1907), 
but, in so far as I can find, the chemical data and theo- 
rizings have been passed over. It is evident from a very 
casual glance at the chemistry, that Tower has strayed 
from familiar paths and is wandering far afield. I can 
refer to only a few of his errors here, but these are so 
obvious as to show that no reliance can be placed upon 
the chemical findings, much less upon his chemical theo- 
rizings. 

Perhaps the worst error, inasmuch as Tower bases all 
of his results as to the nature of the pigment upon this 
point, is to state (1906, p. 136), ‘‘Bottler, working upon 
the hair of animals and upon silk, has shown these pig- 
ments to be azo compounds, and in insects they belong 
to the same series.’’ The reference which Tower quotes 
is a book by Bottler (1902) entitled ‘‘Die animalischen 
Faserstoffe. Ein Hifls- und Handbuch fiir die Prazis, 
umfassend Vorkommen, Gewinnung, Eigenschaften und 
technische Verwendung sowie Bleichen und Farben 
thierischer Faserstoffe. Nach dem gegenwartigen 
Standpunkte der wissenschaft bearbeitet.’’ From the 
title I did not expect to find much original work on the 
subject of animal pigments, neither could I find in any 
of the biochemical literature any reference which could 
be so construed as to intimate that animal fibers, espe- 
cially silk, occurred naturally dyed with azo dyes. I 
find in Bottler’s book references to azo compounds in the 
chapter on ‘‘Das Farben animalischer Faserstoffe’’ 
and in each instance the references are to azo dyes with 
which to dye the animal fibers. In almost every instance 
Bottler gives the origin of the dye employed, as ‘‘M. L. 
Br.”’ (Meister, Lucius and Briining) or ‘‘Fr. Bay.’’ (Fr. 
Bayer & Co., in Elberfeld) together with explicit direc- 
tions as to the composition of the dyeing bath. Bottler 
does mention the naturally occurring pigments by stating 
on page 36 that ‘‘dark-colored wools are usually used in 
their natural color or dyed dark, as it is only with great 
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difficulty that they can be bleached’’: and on page 44 
‘‘one uses camel hair in the natural color or dyed dark 
inasmuch as it can not be bleached.’’ This is the only 
connection in which the natural-occurring pigments are 
mentioned. 

Tower states (1903, p. 63) that: 


The chemical nature of colors is a problem most difficult of investi- 
gation, chiefly because such energetic measures are necessary to get the 
color into solution that there is every reason to suspect that it is no 
longer the same as that in the cuticula. With solutions of P. cornutus 
in HCl or H,SO,, various tests were made, which established the fact 
that it is much like some of the benzine derivatives, and the spectra of 
this solution and of permanent brown are identical and closely similar 
to that of Bismarck brown. There is, however, a great difference be- 
tween the solution of cuticula color and Bismarck brown, the former 
being a colored substance and the latter a coloring substance. 

Cuticula colors in acid solution are decolorized by reducing agents 
such as tin and HCl or strong alkalis. If, however, the decolorized 
solution is treated with a mild oxidizing agent, part or perhaps all of 
the color is restored. In the process of decolorization the solution 
passes from deep brown to lighter shades, to yellow, and eventually to 
a colorless solution. According to Stecher and others, fast brown is a 
diazo compound belonging to the group of amidoazo and oxyazo com- 
pounds, which form colored solids varying from yellow to deep brown. 
These diazo, oxyazo, and amidoazo compounds are soluble in aleohol, 
as is this cuticula color,’ and when in solution are rendered colorless 
by reducing agents, thus forming colorless azo, or hydrazo compounds, 
which, by mild oxidation, may be reconverted into yellow- or brown- 
colored diazo, oxyazo, or amidoazo compounds. There is thus a very 
close agreement between the reaction of cuticula color and the diazo, 
oxyazo, and amidoazo compounds to reducing and oxidizing agents. 
In these and in other characters the cuticula colors resemble these ben- 
zine derivatives, but not in any respect do they resemble other colored 
substances or dyes known to organic chemistry. The existence of azo 
compounds has been recognized by Bottler in the hairs of animals and 
in silk fibers, where they function as pigments and have some of the 
structural peculiarities of cuticula color. I feel perfectly certain, 
therefore, that these cuticula colors are azo compounds, a conclusion 
based upon the following characters: (1) their colors; (2) solubility; 

?On page 41 of the same work Tower states that these cuticula colors are 
‘insoluble in water, alcohol, ether, oils, weak acids or alkalis. Soluble in 
strong concentrated mineral acids with dissolution of the cuticula.’’ 
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(3) behavior to oxidizing and reducing agents; (4) crystallization; (5) 
spectrum; and (6) their decomposition products. 

Let us see what of real value these characters possess: 

1. If color is any criterion, all colored objects must con- 
tain azo dyes, inasmuch as azo compounds occur in almost 
every possible shade of color, 

2. If the data which Tower gives on page 11 (1903) be 
referred to we find 


Black ; Permanent. Insoluble in water, al- 

Located in cohol, ether, oils, weak acids or 

primary alkalis. Soluble in strong concen- 

cuticula trated mineral acids with dissolu- 
tion of the cuticula. 


Cuticula J) Dark brown 
colors | Brown 
Straw yellow 


These are not the characteristics of the azo compounds, 
for azo compounds are soluble in alcohol and in many 
cases are very soluble in water. The ‘‘amidoazo’’ com- 
pounds are soluble in weak acids and the oxyazo com- 
pounds are very soluble in weak alkalis. The characters 
which Tower gives are, however, exactly those char- 


acters which are possessed by the melanins. 

3. Tower has made a great mistake when he states 
that azo compounds are reduced to colorless bodies and 
then reoxidized to colored diazo, oxyazo or amidoazo 
compounds by mild oxidizing agents. When azo com- 
pounds are reduced by tin and hydrochloric acid the azo 
union is broken, each nitrogen atom yielding an amino 
group, and the colored compound can not be regenerated 
by mild oxidation, but the original diazotization and 
coupling must be repeated before a color results. For 
example we reduce Congo red and we get benzidine and 
‘‘naphthionie acid’’ neither of which gives a color on 
mild oxidation. (See Mulliken (1910), p. 26, footnote.) 
C,H,—_N=N—C,.H,(SO,H) (NH:) 


C,H,—NH, 
= + 2C,oH;(SO;H) (NH:2):. 

eH,—NH, 
There are, to be sure, dye stuffs (for example, indigo), 
which do reduce to colorless compounds, or leuco bases, 


(NH;) 
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and which reoxidize to the original color and compound, 
but the azo compounds are distinguished from these 
colors by the fact that no reoxidation takes place. 

4, I have been unable to find any data as to the crystal 
form of cuticula pigments. All writers report that they 
are non-crystalline. If Tower succeeded in preparing 
crystals he has succeeded where every one else has failed. 
The azo compounds, on the other hand, are usually easily 
obtained in crystal form. 

5. As to the value of the spectrum I will quote Tower’s 
own words (1903, p. 56). 


The study of animal and plant pigments has been carried on almost 
entirely by means of spectrum analysis. ... There is, however, very 
grave doubt as to the value of such spectrum work. After spending 
several months in the analysis of euticula pigment of Coleoptera, Lepi- 
dopterous larve, and Hymenoptera, I discarded as worthless all of my 
results, because in no case was I able to obtain a spectrum of sufficient 
permanence, or one that had absorption bands of enough constancy, to 
be reliable. The same solution with the same apparatus and light will 
vary in its spectrum from day to day. Moreover, any slight change 
in acidity or alkalinity, or in dilution or concentration, ete., will pro- 
duce a variation in the spectrum. 


6. In regard to the decomposition products of cuticula 
pigments, I can find no data in Tower’s paper, so that I 
do not know in what respect they may resemble known . 
organic compounds. Enough has been shown, however, 
to prove that Tower’s statement (1906, p. 136), ‘‘we are 
safe, then, in concluding that these cuticula pigments 
are azo compounds, but whether they are azo, diazo, 
oxyazo, or amidoazo® is not known,”’’ is entirely with- 
out foundation. 


5 For those who are not familiar with this nomenclature I will give here an 
example of the formula of each class: 
Azobenzene, 
Diazobenzene, C,H;—N—N—OH. 
Tower probably refers to Disazo compounds, inasmuch as diazo compounds 
are very unstable and are not coloring matters. 
Disazobenzene, 
Oxyazobenzene, C,H;—N=N—C,H,OH, 
Aminoazobenzene, 
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Other examples of this chemistry are numerous, but I 
can only mention one or two. Tower states (1903, p. 
54) ‘‘Sundwick and Ledderhose conclude that chitin is 
an amido derivative of a carbohydrate having the for- 
mula CoH 9 9050.’’4 I was willing to allow this as an error 
in proof-reading had not the same O,H,,,.0;) occurred 
again on page 55, where he adds ‘‘and hence glucoside, 
like cellulose,® and other plant substances.’’ 

Again I quote from the 1906 paper (p. 123) ‘‘ Griffiths 
farther isolates and studies a green pigment which is 
allied to uric acid or is a uric acid derivative called lepi- 
dopteric acid I have not seen 
Griffiths’s paper (1892), but, from the formula which 
Tower gives, I would say that the question mark is well 
placed, inasmuch as the English form of nitrogen is not 
known to differ from the French variety. Some of the 
other errors will be referred to in connection with my 
work. 

EXPERIMENTAL 

The Formation of the Pigment by Oxidation.—The 
material employed was the pupe and adults of the Col- 
orado potato beetle, Leptinotarsa decemlineata Say. 
Large larve were secured in the field and placed in bat- 
tery jars, provided with abundance of fresh potato stalks, 
and containing about four inches of sifted soil in the 
bottom. The top of the jar was covered with mosquito 
netting. Within a few days all of the larve had entered 
the soil and had pupated. When the adult beetles emerge 
from the pupal skin, the elytra are an almost uniform 
light yellow color, and upon this surface the lines of the 
darker color pattern shortly appear. In accordance 
with my former work I have found that this pigmenta- 
tion is an oxidation, induced by an oxidase of the tyro- 
sinase type. 

Tower (1903, p. 58) states that he tested the rate of 
pigmentation when the pupe were kept in an atmosphere 

* My italics. 

5 My italics. Cellulose is in no way related to the glucosides. 
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containing respectively ‘‘O, 40 parts, N, 80 parts; O, 
60 parts, N, 80 parts; O, 80 parts, N, 80 parts, and O, 
pure. In the first two no changes were noted, but in the 
third there was a large mortality, showing that the 
amount of O, had become toxic and the pigmented areas 
were small and weak. The same results were attained 
in a more marked manner with pure O.,.”’ 

Tower’s results in this instance are easily accounted 
for, inasmuch as a very small quantity of oxygen is con- 
sumed in the process of pigmentation and even in normal 
air the oxygen is present in enormous excess. The rate 
of pigmentation is, in all probability, at a maximum 
even when the oxygen is present in very small concen- 
tration. Tower further adds (1903, p. 58): ‘‘A second 
set of experiments consisted in diminishing the O, pres- 
ent, but even although O, was absent, pigmentation was 
not changed. A third set consisted in placing pupe in 
an atmosphere of CO,, N, H, and pigmentation, if about 
to begin or already begun before the pup were placed 
in the gas, was not retarded or changed.’’ Tower does 
_ not state what precautions were used to ensure the entire 
absence of oxygen. I have found that when all oxygen 
is absent, no pigmentation takes place. 

Newly emerged adults, whose elytra showed no trace 
of brown pigment, were placed in gas wash bottles which 
were provided with a tubulated ground glass stopper, 
arranged in such a manner that when the stopper is 
turned slightly the stream of gas is cut off and the bottle 
is tightly closed (see Eimer and Amend’s 1910 Catalogue 
no. 3658). A current of washed carbon dioxide, from a 
Kipp apparatus, was then passed through the bottle for 
twenty-four hours and then the gas was shut off by turn- 
ing the stopper slightly. In every instance the elytra of 
the beetles remained colorless as long as they remained 
in the carbon dioxide and if removed to the air, or else 
if the carbon dioxide were displaced by a stream of pure 
oxygen, before decomposition set in, pigmentation pro- 
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ceeded at once. Other beetles were kept in the air as a 
check upon the results, and in some instances one elytron 
was removed, and either the beetle minus one elytron 
was placed in the carbon dioxide and the other elytron 
kept in the air as a check, or vice versa. The same results 
were obtained when pure hydrogen was used instead of 
carbon dioxide. I found that it was impossible to obtain 
entire absence of oxygen when either rubber or cork 
stoppers were employed, for on long standing some 
traces of oxygen, apparently, diffuse through the rubber 
or cork, and cause pigmentation to proceed. 

If a beetle with unpigmented elytra be kept submerged 
in water by means of a small weight, for example in a 
test tube under a ten cent piece, no coloration appears 
in thirty-six hours, while in a check the pigmentation 
was complete in twelve hours. When, however, the 
beetles were removed from the water and exposed to the 
air, pigmentation proceeded at once. In most cases the 
beetles revived after having been submerged for thirty- 
six hours, as did those that had been forty-eight hours in 
carbon dioxide. Heating an unpigmented elytron at 70° 
for one minute totally inhibits pigment formation. The 
above results are identical in every respect with those 
which I have reported in the case of the periodical cicada 
(1911) and the meal worm (1910 b.), so that there can be 
no doubt that the formation of the pigment in the elytra 
of the Colorado potato beetle is an oxidation. Tower 
states (1903, p. 53) that the cockroach, Phyllodromia 
germanica Linn. was used in contributing to his conclu- 
sions, and Phisilax (1905) has since shown that in this 
material the pigmentation is due to an oxidation induced 
by a tyrosinase. 

Evidences of Enzyme Action.—Tower claims to have 
shown the presence of enzymes by finding stained 
zymogen granules in some of his sectional material. He 
states (1903, p. 60), ‘‘it was impossible to prove the ex- 
istence of a zymogen in the hypodermis of much of my 
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material, as almost all of the best of it was in sublimate- 
acetic-acid fixation, which does not fix zymogens well, but 
dissolves them and leaves vacuoles where the granules 
should have been. . . . With Berenyi and picric acid 
mixtures some zymogen granules were preserved, but 
the rest of the material was so bad that the preparations 
were useless. The account of the zymogens and their 
part in pigmentation is based on material from L. 
decemlineata and C. femorata. For demonstrating the 
presence of substances, probably zymogens, I used iron 
hematoxylin, which is fairly good, and Bensley’s stain 
for zymogens.”’ 

I do not know by what right one can designate a 
stained granule as a zymogen when we do not know 
whether zymogens exist as distinct bodies or not. Zym- 
ogen is only a term which we use to state the fact that 
in some cases there is, apparently, the sudden appear- 
ance of enzyme action where no enzyme action could be 
previously detected. We call the mother substance of 
this enzyme a zymogen, but since the term ‘‘enzyme’’ is 
only another term for a peculiar kind of energy, which 
may some day be shown to be only a catalysis, or other 
physical phenomenon, we have, at present, no basis for 
believing that either enzymes or zymogens can be stained 
by definite stains. 

Tower states that he has prepared an enzyme which 
is responsible for the production of pigment. and which 
causes the hardening of the primary cuticula. To this 
‘‘enzyme’”’ he has given the name ‘‘chitase.’? The 
method of preparing this enzyme is given on page 60 
(1903), and on page 138 (1906). Pup were ground with 
quartz sand and the mixture extracted with 35 per cent. 
alcohol containing 2 per cent. of acetic acid, or with 50 
per cent. alcohol containing 10 per cent. of glycerol. 
‘‘TDilute alcohol and acetic acid served the best, as it gave 
the largest precipitate upon the addition of 95 per cent. 
alcohol. The white, rather flocculent, precipitate pro- 
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duced was separated by filtration, redissolved in alco- 
hol and acetic acid, and reprecipitated several times, 
and finally used in 30 per cent. aleohol containing one 
tenth per cent. acetic acid.’’ Jnto this solution were 
suspended pieces of primary cuticula, taken before pig- 
mentation had begun to develop. ‘‘The result was that 
in about thirty-six hours the cuticula had become brown, 
being first drab, then pale brown, then full brown. Be- 
yond this, coloration did not advance. It was uniform 
over the entire surface, but, although areas where spots 
normally develop were present, no tendency to spot for- 
mation was observed.”’ 

This does not prove that the solution which Tower 
prepared contained enzymes, for the pieces of unpig- 
mented cuticula which were used as the testing material 
may have contained sufficient enzymes to produce the 
pigmentation. Tower does not mention that he used a 
check of distilled water in place of the ‘‘enzyme’”’ solu- 
tion. I have repeated this part of the work, and for the 
piece of the primary cuticula I have used the fresh ely- 
tron, taken before the pigmentation had begun to de- 
velop. I find that there is an appreciable difference in 
the rate of the development of the pigment when the 
elytron is placed in the ‘‘enzyme’”’ solution or in distilled 
water, and that this difference is in favor of the dis- 
tilled water. The color is distributed more over the en- 
tire surface in the case of the enzyme solution, but I find 
that this is probably due to the fact that the precipitate 
contained some of the chromogen and when this came 
in contact with the tyrosinase on the surface of the ely- 
tron, pigment was produced. Tower’s ‘‘enzyme’’ solu- 
tion, if it does contain an enzyme, does not contain the 
enzyme which causes the pigmentation, for tt gives none 
of the tests for oxidases. Oxidases are destroyed by 
solutions that are slightly acid so that this is probably 
one of the reasons why his preparations did not give 
more positive results. Another reason could be found 


| 
$ 
H 
i 
i 
d 
/ 
4 


No. 540] STUDIES ON MELANIN 753 


in the high percentage of alcohol which was used both 
to extract the enzyme, and as a solvent. 

The Isolation of a Tyrosinase.—Phisalix (1905), De- 
witz (1902), Roques (1909) and Durham (1904), as well 
as myself (1910 b.) (1911), have shown that the produc- 
tion of melanin is caused by the action of an oxidizing 
enzyme of the tyrosinase type upon some oxidizable 
chromogen, which may, in some instances, be tyrosin. 
My first step was, therefore, to ascertain whether or not 
tyrosinase were present in the potato beetle. I found 
that it was present in large amounts in the beetles that 
were collected in the field. In order to make sure that 
there was no mistake, I tested some of the potato leaves, 
and there I found abundance of tyrosinase. I found, 
however, that if I removed large larve to the laboratory 
and kept them without food until they pupated, that the 
body contents of these three or four days old pupe gave 
no test for the enzyme. As a final precaution, however, 
I used only the unpigmented elvtra of beetles which had 
transformed from such pupe. In this manner there 
seems to be no possibility that the food could have con- 
taminated the material, for a period of a least twelve 
days without food must have elapsed between the se- 
curing of the larve and the removing of the unpig-: 
mented elytra from the adult beetles. The elytra, which 
showed only a faint trace of the color pattern which was 
to develop, were ground with quartz sand in an agate 
mortar, and the mixture leached with distilled water con- 
taining a few drops of chloroform. The filtered solution 
was clear, gave an intense blue with a drop of tincture of 
gum guaiac, produced a rapid darkening in solutions of 
tyrosin, leading to the deposition of the typical black pre- 
cipitate, lost its activity at 70°, or in the presence of meta 
di phenols [see Gortner (1911 b.)], and behaved in every 
way identically like other preparations of tyrosinase 
which I have reported from other sources. There can be 
no doubt that if the pigmentation in other instances is 
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caused by the action of a tyrosinase, the same cause pro- 
duces the color pattern in Leptinotarsa. 

The Cause of the Color Pattern on the Elytra.—If the 
pigmentation is due to the oxidation of a chromogen by 
an enzyme, the color pattern may develop in four ways. 
(1) The enzyme may be present over the entire body and 
the chromogen may be localized. (2) The enzyme may 
be localized and the chromogen secreted over the entire 
body. (3) Both enzyme and chromogen may be localized 
in those spots which form the color pattern. (4) Those 
spots which lack color may be pigmentless because there 
is an inhibitor to pigment production present. I have 
found that in all probability the first hypothesis is the 
true one, for, although the pigmentation is not much more 
general when an unpigmented elytron is placed in a solu- 
tion of tyrosinase, when such an elytron is floated upon a 
solution of tyrosin the entire elytron becomes pigmented. 
Apparently, therefore, the chromogen is localized and 
the enzyme is secreted over the entire surface. 


SuMMARY 

It has been shown that Tower’s statements as to the 
nature of the cuticula pigments, and the methods of pig- 
ment formation, are based upon wrong interpretations 
of his results, and upon errors in the application of chem- 
ical data. The cuticula pigment is not an azo compound 
but belongs to the melanins. 

The pigmentation of the elytron of the Colorado potato 
beetle (Leptinotarsa decemlineata Say) is produced by 
the interaction of an oxidizing enzyme of the tyrosinase 
type, and an oxidizable chromogen. The color pattern is 
caused by the localized secretion of chromogen. 
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SHORTER ARTICLES AND DISCUSSION 


A NOTE ON CERTAIN BIOMETRICAL COMPUTATIONS? 


1. It is a well known fact that curves of individual growth, in 
which some size character of the organism is taken as ordinate, 
and time as abscissa, are closely related to a logarithmic curve. 
To Pearson? belongs the credit of first demonstrating this con- 
eretely by fitting a logarithmic curve to growth data. Since that 
time a number of other students® of growth have made use of 
such curves in graduating observational data. 

Now while the simplest logarithmic curve 

y=a+blogxr (i) 
is probably only very exceptionally (if ever) followed precisely 
in the growth of an organism, yet it certainly represents the 
general type towards which many observational growth curves 
tend. In the practical analysis of growth data it is often found 
to be extremely helpful as the first step to fit such a curve as (i) 
or a simple variant of it in which a ‘“‘line’’ term is added, as in 

y=a+bre +c log z. (ii) 
Actually finding out by trial just wherein a curve like (ii) fails 
to fit the data—if it does fail—will usually give one the clue as 
to the way in which the curve must be modified in order to grad- 
uate the observations satisfactorily. 

In fitting a curve like (ii) to a series of observations by the 
method of least squares the type equations are as follows: 


S(y) — na — — cS (log x) —0, 
S(ay) — aS (ax) — bS(x2?) —c8(ax log x) —0, 
S(y log x) — aS (log x) — bS(x log x) — cS (log x)? —0, 


where S denotes summation for the n values of the variables. 
Now it is evident that, of the 11 summations ineluded in these 
equations, only 3 involve the variable y. All the others are fune- 


*Papers from the Biological Laboratory of the Maine Agricultural 
Experiment Station. No. 31. 

* Pearson, K., Biometrika, IV, 131-190. Cf. also Lewenz, M. A., and 
Pearson, K., ibid., III, 367-397. 

°Cf., for example, Pearl, R., Pepper, O. M., and Hagle, F. J., Carnegie 
Institution Publ. No. 58, 1907, and Donaldson, H. H., in Jour. Comp. Neurol. 
and Psychol., XVIII, 345-392, 1908, and also in later papers. 
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tions of x. In practise many cases arise where all the base ele- 
ments of the observational curve are equal and the values of « 
run in ordinal units from 1 to whatever number the observations 
comprise. In such eases, taking the origin of x at 0, the sums in 
(iii) which involve x and 2? may be read off at once from Elder- 
ton’s* tables of the sums of the powers of the natural numbers. 
If, now, simiiar tables are available from which one ean obtain 
the values of S(log x), S(x log x) and S(log x)? for integral 
values of x, there are left only the three sums in which y is in- 
volved which must be directly calculated. 

So far as we are aware no tables have hitherto been published 
giving the sums of these logarithmic functions of the natural 
numbers. Consequently the present short table has been pre- 
pared. The immediate incentive to its calculation was the fact 
that in studies on growth and related topics in this laboratory 
it has been rather frequently necessary to fit these simple loga- 
rithmie curves. The table was calculated several years ago 
purely as a labor saving factor in the work of the laboratory. It 
has been used in manuscript here since that time. It seems de- 
sirable to publish it in order that other workers may have the 
benefit of the time and effort which it saves in curve-fitting work 
of this sort. 

2. The values of S(log x), S(x log x) and S(log x)? given in 
the appended table were calculated twice independently, once 
with 10-place values of the logarithms, and once with 7-place 
figures. The 10-place logarithms were taken from Vega’s 
Thesaurus,’ and the multiplications and summations were per- 
formed on a large size Brunsviga arithmometer. As was to be 
expected, the values of S(x log x) and S(log x)? for the higher 
numbers, when calculated from 7-place logarithms, were not ac- 
curate beyond the fifth place. This 7-place table merely served 
as a rough check on the accuracy of the 10-place work. The 
tabled values given in this paper were all obtained by cutting off 
the last, 3 figures from the values in the 10-place table. The ac- 
curacy of these last figures was previously tested by differences. 
The table as given is believed to be accurate in the seventh place. 
This is entirely sufficient because, as a matter of fact, in practical 
curve fitting work one will not ordinarily use more than 4 or at 
the most 5 places of figures in the logarithms. 

* Biometrika, II, 474-480. 

5 For the loan of a copy of these tables we are greatly indebted to Dr. H. 
G. Kribs, of the University of Pennsylvania. 
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3. The use of the tables may be illustrated from a concrete ex- 
ample based on data collected in this laboratory. Each of the 
successively laid eggs of a certain hen were measured, length 
and breadth being recorded. From these records the length- 
breadth index (100 breadth —- length) was calculated. In all 87 
eggs were measured.® To the line given by plotting the value of 
the index of each of these eggs in consecutive order as they were 
laid a curve of the type 

y=a-+ bx + c(log x) 
was fitted by the method of least squares. In this equation y de- 
notes the value of the length-breadth index of an egg whose 
ordinal number in the whole series laid is x. That is, S(#) will 
be the sum of the integers from 1 to 87 inclusive. 

The type equations for this curve have been given above 
(p. 756) and need not be repeated. For the data under discus- 
sion n=87. From the table given in the present paper we 
read off at once 

S log x = 132.3238, 
S(ax log = 6,602.9556, 
S (log x)? = 215.0293. 


Further from Elderton’s table (loc. cit.) we get 
S(x) = 3,828, 
S (2?) = 223,300. 
This leaves to be obtained by actual addition from the data 
only 


S(y) =5,473.81, 
S(ay) = 245,041.55, 
S(y log x) = 8,416.4497. 


Substituting these values in the type equation (iii) we have 


87a + 3,828) + 132.3238c = 5,473.81, 
3,828 + 223,300b + 6,602.9556c — 245,041.55, 
132.3238 + 6,602.9556b + 215.0293¢ = 8,416.4497. 


Solving 
y = 49.0241 — .0910x + 11.7669 log zx. 


The goodness of fit of this curve may be judged by examination 
of Plate II of the paper where the original data are published.” 


* The actual measurements of these eggs are given in detail in the Journal 
of Experimental Zoology, VI, 349. 
* Jour. Exper. Zool., loc. cit. 
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TABLE OF THE SUMS OF THE LOGARITHMS OF THE NATURAL 


NUMBERS FROM 1 TO 100 


S (log x) 


x 
1 0.0000000 
2 0.3010300 
3 0.7781513 
4 1.3802112 
5 2.0791812 
6 2.8573325 
3.7024305 
8 4.6055205 
9 5.5597630 

10 6.5597630 

11 7.6011557 

12 8.6803370 

13 9.7942803 

14 10.9404084 

15 12.1164996 

16 13.3206196 

17 14.5510685 

18 15.8063410 

19 17.0850946 

20 18.3861246 

21 19.7083439 

22 21.0507666 

23 22.4124944 

24 23.7927057 

25 25.1906457 

26 26.6056190 

27 28.0369828 

28 29.4841408 

29 30.9465388 

30 32.4236601 

31 33.9150218 

32 35.4261717 

33 36.9386857 

34 38.4701646 

35 40.0142326 

36 41.5705351 

37 43.1387369 

38 44.7185205 

39 46.3095851 

40 47.9116451 

41 49.5244289 

42 51.1476782 

43 52.7811467 

44 54.4245993 

45 56.0778119 

46 57.7405697 

47 59.4126676 

48 61.0939088 

49 62.7841049 

50 64.4830749 


(log x)? 
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S (x log x) 
0.0000000 0.0000000 
0.6020600 0.0906191 
2.0334238 0.3182638 
4.4416637 0.6807400 
7.9365137 1.1692991 
12.6054212 1.7748184 
18.5211075 2.4890091 
25.7458274 3.3045806 
34.3340100 4.2151594 
44,.3340100 5.2151594 
55.7893295 6.2996581 
68.7395045 7.4642903 
83.2207681 8.7051601 
99.2665606 10.0187696 
116.9079295 11.4019602 
136.1738492 12.8518651 
157.0914808 14.3658697 
179.6863859 15.9415788 
203.9827044 17.5767895 
230.0033043 19.2694686 
257.7699095 21.0177324 
287.3032084 22.8198311 
318.6229487 24.6741338 
351.7480185 26.5791169 
386.6965187 28.5333531 
423.4858257 30.5355027 
462.1326474 32.5843049 
502.6530722 34.6785713 
545.0626142 36.8171792 
589.3762518 38.9990664 
635.6084643 41.2232261 
683.7732636 43.4887026 
733.8842237 45.7945871 
785.9545068 48.1400148 
839.9968884 50.5241609 
896.0237784 52.9462384 
954.0472422 55.4054951 
1,014.0790189 57.9012113 
1,076.1305385 60.4326979 
1,140.2129382 62.9992941 
1,206.3370763 65.6003659 
1,274.5135465 68.2353041 
1,344.7526901 70.9035233 
1,417.0646079 73.6044600 
1,491.4591710 76.3375716 
1,567.9460313 79.1023352 
1,646.5346306 81.8982465 
1,727.2342100 84.7248186 
1,810.0538179 87.5815814 
1,895.0023181 90.4680804 
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66.1906450 
67.9066484 
69.6309243 
71.3633180 
73.1036807 


74.8518687 
76.6077436 
78.3711716 
80.1420236 
81.9201748 


83.7055047 
85.4978964 
87.2972369 
89.1034169 
90.9163303 


92.7358742 
94.5619490 
96.3944579 
98.2333070 
100.0784050 


101.9296634 
103.7869959 
105.6503187 
107.5195505 
109.3946117 


111.2754253 
113.1619160 
115.0540106 
116.9516377 
118.8547277 


120.7632127 
122.6770266 
124.5961047 
126.5203840 
128.4498029 


130.3843013 
132.3238206 
134.2683033 
136.2176933 
138.1719358 


140.1309772 
142.0947650 
144.0632480 
146.0363758 
148.0140994 


149.9963707 
151.9831424 
153.9743685 
155.9700037 
157.9700037 


S (log x) 


| 
| 
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S (x log x) 


1,982.0883971 
2,071.3205710 
2,162.7071920 
2,256.2564551 
2,351.9764030 


2,449.8749325 
2,549.9597993 
2,652.2386229 
2,756.7188916 
2,863.4079666 


2,972.3130866 
3,083.4413713 
3,196.7998259 
3,312.3953443 
3,430.2347124 


3,550.3246122 
3,672.6716240 
3,797.2822300 
3,924.1628173 
4,053.3196801 


4,184.7590228 
4,318.4869626 
4,454.5095314 
4,592.8326786 
4,733.4622734 


4,876.4041064 
5,021.6638922 
5,169.2472713 
5,319.1598115 
5,471.4070104 


5,625.9942970 
5,782.9270329 
5,942.2105145 
6,103.8499746 
6,267.8505832 


6,434.2174510 
6,602.9556260 
6,774.0701012 
6,947.5658118 
7,123.4476376 


7,301.7204043 
7,482.3888844 
7,665.4577986 
7,850.9318169 
8,038.8155594 


8,229.1135977 
8,421.8304560 
8,616.9706114 
8,814.5384957 
9,014.5384957 
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S (log x)? 


93.3838763 
96.3285438 
99.3016711 
102.3028592 
105.3317215 


108.3878829 
111.4709794 
114.5806577 
117.7165745 
120.8783964 


124.0657990 
127.2784670 
130.5160934 
133.7783793 
137.0650341 


140.3757742 
143.7103234 
147.0684123 
150.4497786 
153.8541654 


157.2813229 
160.7310069 
164.2029790 
167.6970062 
171.2128609 


174.7503207 
178.3091670 
181.8891890 
185.4901776 
189.1119291 


192.7542442 
196.4169276 
200.0997884 
203.8026391 
207.5252965 


211.2675808 
215.0293157 
218.8103286 
222.6104500 
226.4295137 


230.2673568 
234.1238194 
237.9987445 
241.8919781 
245.8033687 


249.7327590 
253.6800209 
257.6450022 
261.6275620 
265.6275620 


RayYMOND PEARL, 
Lottie E. McPHETErs. 
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NOTES AND LITERATURE 


THE DOCTRINE OF EVOLUTION 


In? ‘‘The Doctrine of Evolution,’’ Professor Crampton is 
issuing in book form eight ‘‘Hewitt Lectures’’ delivered at 
Cooper Union in 1907 before ‘‘audiences made up almost ex- 
elusively of cultivated minds, but who were, on the whole, quite 
unfamiliar with the technical facts of natural history. . . . The 
course was, in a word, a simple message to the unscientific.’’ 

The scientific reader of this book, can not expect, then, to dis- 
cover a new message in it for himself unless he be pretty woe- 
fully ignorant of all things connoted by the word evolution. 
And he will not. Or perhaps after all he will. For if he be 
a reader who relegates evolution to the world of lower creatures, 
the plants and ‘‘animals,’’ he may find himself suddenly learn- 
ing that he too is a part of evolution and nothing else besides. 
Because that is what this book teaches very strongly. Four of 
the eight chapters of it discuss the evolution of man; first, the 
evolution of his physical self, then of his mental self, then of 
his social and ethical self, and finally of all there is left of him, 
to wit, his religious, theological and philosophical self. It is 
this part of the book that as ‘‘a simple message to the unscien- 
tific’? may make even a few scientific open wide eyes and be 
strongly attracted or repelled by it. For the treatment of man 
in all his parts and activities as a wholly natural, perfectly ex- 
plicable and perhaps quite to be expected product of the great, 
world-dominating, blind causa efficiens that is evolution, has 
not been more lucidly, strongly and consistently done—that is, 
as far as my reading goes. This may, of course, say more about 
the limitations of my reading than of the quality of Professor 
Crampton’s book; but that is the reader’s risk with any 
reviewer. 

Especially is Chapter VII, ‘‘Social Evolution as a Biological 
Process,’’ well handled. There is more of a whole-souled sure- 
ness with less of an imitating dogmatism of language about the 

+¢¢The Doctrine of Evolution,’’ by Henry Edward Crampton, professor 


of zoology in Columbia University, 311 pp., 1911, Columbia University 
Press, New York, $1.50. 
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treatment of social evolution in this concise chapter than one 
usually gets from others who consider this subject from the 
same point of view. The three laws of life that make social 
evolution possible and inevitable, viz., ‘‘Preserve thyself,’’ 
‘“Preserve thy kind,’’ ‘‘Remain together,’’ and the course of 
biological and sociologie specialization, are all very happily ex- 
posed and illustrated. 

In the chapter on ‘‘Evolution and the Higher Human Life,’’ 
Professor Crampton has been admirably bold and explicit. His 
treatment is encouragingly specific. His consistent attitude as 
a thoroughgoing evolutionary explainer of man’s body, mind 
and social life, receives no shadow of weakening from his atti- 
tude toward man’s ethical, religious and philosophical capacities 
and activities. Man in the entirety of self and possession is a 
natural product, and evolution is his natural producer! That is 
the emphasized and conspicuous part of Professor Crampton’s 
‘‘simple message to the unscientific’?! The rest of the book is 


really only preparation for this part of it. 


STANFORD UNIVERSITY, CAL. 
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